Coxsackievirus (CV)B3 is the primary cause of viral myocarditis. We previously observed CXC chemokine ligand 10 (CXCL10) upregulation in the myocardium early in infection. However, the impact of CXCL10 in CVB3-induced myocarditis is unknown. Using isolated primary mouse cardiomyocytes we demonstrated for the first time that cardiomyocytes can express CXCL10 on interferon-␥ stimulation. To explore the role of CXCL10 in CVB3-induced myocarditis, both CXCL10 transgenic and knockout mice were used. Following CVB3 challenges, the viral titer in the hearts inversely correlated with the levels of CXCL10 at early phase of infection before visible immune infiltration. Furthermore, as compared with the control mice, the decreased virus titers in the CXCL10 transgenic mouse hearts led to less cardiac damage and better cardiac function and vice verse in the knockout mice. This antiviral ability of CXCL10 might be through recruitment of natural killer (NK) cells to the heart and increased interferon-␥ expression early in infection. At day 7 postinfection, with massive influx of mononuclear cells the expression of CXCL10 enhanced the infiltration of CXCR3 ϩ cells, CD4 ϩ , and CD8 ϩ T cells, as well as the expression of associated inflammatory cytokines. However, the augmented accumulation of these immune cells and associated cytokines failed to alter the viral clearance and mice survival. These results suggest the protective role of CXCL10 during the early course of CVB3 infection, which is attributed to the recruitment of NK cells. Nonetheless, CXCL10-directed chemoattractant effect is not sufficient for host to clear the virus in the heart. (Circ Res. 2009;104:628-638.) 
C oxsackievirus (CV)B3 has been recognized as the predominant cause of viral myocarditis in humans. 1 This disease is composed of three distinct stages including viremic injury, immune infiltration, and reclamation. 2 Earlier studies have suggested that mechanisms of viral myocarditis include direct myocyte injury by CVB3 and subsequent immune-mediated damage of the heart. 3, 4 The essential role of the immune response in combating viral myocarditis has been demonstrated by recent studies using a series of knockout (KO) mice. Conversely, others have argued that the robust protective response can also be deleterious to host tissue to some extent. For instance, mice lacking T cells or T cell subsets developed less severe disease following CVB3 inoculation. 5 However, general immunosuppressive therapy did not benefit patients with myocarditis, 6 raising the need for better understanding the role of major immune mediators in disease cascade of CVB-induced myocarditis.
During the process of leukocyte trafficking, it is well known that chemokines are the principle chemotactic factors to mediate leukocyte migration to the site of infection. 7 CXC chemokines, including interferon (IFN)-inducible protein 10 (IP10/CXCL10), monokine induced by IFN-␥ (Mig/CXCL9), and interferon-inducible T-cell a chemoattractant (I-TAC/ CXCL11), exert chemotactic effects on various mononuclear cells expressing the CXCR3 receptor. 8 Among these chemokines, CXCL10 has been widely studied and is known to be involved in the regulation of lymphocyte recruitment observed in autoimmune inflammatory lesions, 9 delayed-type hypersensitivity, 10 many viral infections, 11 and certain tumors. In a number of viral disease models, CXCL10 and its receptor CXCR3 have been shown to function in host resistance to virus infection by regulating the trafficking of activated inflammatory T cells, 10 whereas other studies have reported that CXCL10 has no effect on T-cell migration and viral clearance. 12, 13 The important role of CXCL10 in the innate immune response has also been found to inhibit viral replication at early stage of infection through modulating natural killer (NK) cells trafficking and the delivery of NK cell-derived IFN-␥. 14 In addition, expression of CXCL10 has been found to contribute to the direct antimicrobial effect. 14, 15 These diverse reports on the role of CXCL10 may be attributable to the differences in the virus-host systems used. Whether CXCL10 plays a beneficial or detrimental role to the host in CVB3-induced myocarditis has not been studied.
We previously found that CXCL10 was significantly upregulated in CVB3-infected murine heart by differential mRNA display and cDNA microarray. 16, 17 To better understand the role of CXCL10 in host immune responses against CVB3 infection, we conducted comparative studies using both a myocardium-specific CXCL10 transgenic (Tg) and a CXCL10 KO mouse model.
Materials and Methods

Generation of Transgenic Mice
The murine CXCL10 gene was inserted between the murine ␣-myosin heavy chain (␣-MHC) promoter and human growth hormone poly(A) tail in the plasmid pBSII-SK ( Figure 3a ). The transgene was excised with Not 1 before microinjection of the pronuclei of 1-cell mouse embryos, which were reimplanted into pseudopregnant mice. The Tg mice were identified by PCR, ELISA and Western blot (see the online data supplement, available at http://circres.ahajournals.org). The KO mice were provided by Dr Andrew Luster (Harvard Medical School).
Murine Cardiomyocyte Isolation and Culture
Murine ventricular myocytes were isolated from 5-to 6-week-old male A/J mice and the detailed method has been described previously. 18 The cardiomyocyte HL-1 cell line was a gift from Dr William C. Claycomb (Louisiana State University).
Histological Analysis
Five-week-old male mice (CXCL10 Tg and wild-type [Wt] littermates, CXCL10 KO and Wt) were infected intraperitoneally with 10 5 pfu of virus or PBS, and mice were euthanized at day 3, 7, and 10 postinfection (pi). Midventricular tissues were sectioned and stained with hematoxylin/eosin (H&E).
Real-Time Quantitative RT-PCR
Total mouse RNA was isolated from the heart using RNeasy kit (Qiagen). Real-time quantitative (q)RT-PCR was performed on an ABI Prism 7900HT Sequence Detection System using the premade primers and probes (Applied Biosystems) according to the instructions of the manufacturer.
Enzyme-Linked Immunosorbent Assay
Mouse serum was collected for determination of mouse cardiac troponin (cTn)I using a High Sensitivity Mouse Cardiac Troponin-I ELISA kit from Life Diagnostics. The assay was conducted according to the instructions of the manufacturer.
Immnohistochemistry
Paraffin-embedded heart sections were probed for the presence and localization of CD3 and CD45 using an ant-CD3 (DAKO) or an anti-CD45 antibody (BD Bioscience). The signals were detected using the substrates diaminobenzidine (for CD45 detection) (Sigma) and vector red (for CD3 detection) (Vector Laboratories).
In Situ Hybridization
Paraffin-embedded tissue sections were permeabilized with proteinase K, dehydrated, and hybridized with a digoxigenin-labeled CVB3 probe prepared by in vitro transcription as previously described. 19 
Flow Cytometry
Hearts were digested with collagenase type II and trypsin (Sigma). Single-cell suspensions were prepared following the method published previously. 16 Antibodies used for flow cytometry were: PE-CXCR3 from R&D and APC-CD45, APC-CD49b (NK cell), PE-CD3, PE-CD4, and PE-CD8 from eBioscience. Cells were run on a flow cytometer (Epics XL; Beckman Coulter Inc) and data were analyzed using Summit software (version 3.1; DakoCytomation).
Echocardiography
Mice were anesthetized with 2% Isoflurane and echocardiograms were recorded using a Vevo 770 (VisualSonics) system following the procedures described elsewhere. 19 Measurements were taken for left ventricular (LV) end volumes at both diastole (LVEDV) and systole (LVESD). Cardiac Output (CO), and LV ejection fraction (LVEF) representing stroke volume as percentage of LVEDV were calculated by the Vevo 770 internal software.
Results
Upregulation of CXCR3 Chemokines After CVB3 Infection
We found that IFN-␥ was induced as early as day 1 pi and elevated significantly between day 5 to 7 pi, indicating that it is expressed by both myocardial cells and infiltrating immune cells following viral infection. To determine the effect of CVB3 infection on the expression of CXCR3 chemokines including CXCL10, CXCL9, and CXCL11, mouse heart RNAs were extracted at day 3 and 7 pi and chemokine mRNA levels were measured by real-time qRT-PCR. As shown in Figure 1a , all 3 chemokines significantly increased at day 3 and declined at day 7 pi, with the CXCL10 showing the highest level among all three CXCR3 chemokines. The peak expression of their receptor CXCR3 expression was delayed to day 7 pi. Next we assessed the production of CXCL10 mRNA and protein in the serum over the time course of myocarditis. CVB3 challenge resulted in a maximal level of CXCL10 protein at day 3 pi and continued the production up to day 14 pi (Figure 1b and 1c ). Given the maximal inflammation of myocarditis and peak expression of CXCR3 at day 7 pi, the early increase of CXCL10 before the infiltration suggests that mainly resident cells of the heart are the sources of CXCL10, which serves to amplify inflammation and protection by attracting immune cells expressing CXCR3.
IFN-␥ but Not CVB3 Induces CXCL10 Expression From Mouse Cardiomyocytes
To determine whether cardiomyocytes can produce CXCL10, primary mouse ventricular cardiomyocytes were stimulated by IFN-␥ or CVB3 infection. As early as 4 hours post induction, CXCL10 mRNA from the cells dramatically increased as compared with mock-treatment ( Figure 1d ). Interestingly, CXCL10 cannot be induced by direct CVB3 infection ( Figure 1d ), suggesting myocytes in the heart produce CXCL10 on IFN-␥ stimulation to attract more immune cells to the site of infection. Similar results were obtained using the mouse cardiomyocyte HL-1 cell line ( Figure 1e ).
Cardiac-Specific Overexpression of CXCL10 Gene in Tg Mice
To investigate the effect of CXCL10 on the development of CVB3-induced myocarditis, a Tg mouse model specifically overexpressing CXCL10 in the heart was generated by microinjection of a transgene containing a ␣-MHC promoter, which enables the target of the transgene specifically to the heart (Figure 2a ). The offspring were genotyped by PCR using genomic DNA isolated from tail clips (Figure 2b ). To confirm the CXCL10 overexpression was specific to mouse hearts, RT-PCR, in situ hybridization, and Western-blot analyses were performed. As shown in Figure 2c and 2d, Tg CXCL10 mRNA was predominantly expressed in the heart of CXCL10 Tg mice, but not in Wt littermates. The low level of CXCL10 mRNA expression in the lungs may be attributable to the presence of endogenous MHC gene in the wall of pulmonary veins. Furthermore, CXCL10 protein was upregulated in mouse heart as detected by Western blot (Figure 2e ). The Tg mice bred normally and did not show obvious physical or behavioral abnormalities.
CXCL10 Causes Spontaneous Leukocyte Infiltration and Alteration of the Transcription of IFN-␥ and Interleukin-10 but Cannot Induce Myocyte Injury or Heart Dysfunction
Histological sections were stained to look for pathological alterations in the heart of Tg mice without viral infection.
Cardiac-specific overexpression of CXCL10 resulted in spontaneous minor mononuclear cell infiltrates in perivascular and interstitial regions of the myocardium as compared to the control littermates ( Figure 3a ). The number of infiltrations was age-dependent, with the highest in older Tg mice, but barely any in 4-week-old mice. We used real-time qRT-PCR to determine the levels of CD45, CD3, CD4, CD8, and natural cytotoxicity receptor (NCR). As shown in Figure 3b , the levels of CD3, CD4, CD8, CD45, and NCR (NK cell) were substantially higher in Tg mice than in Wt mice.
Despite mononuclear cell infiltration, there were no discernible pathological alterations in the heart of Tg mice without viral infection. We also determined whether the presence of CXCL10 altered the expression of cytokines and CXCR3 chemokines. Compared to Wt littermates, the expression levels of other CXCR3 chemokines (CXCL9, CXCL11) and their receptor CXCR3, IFN-␥, and counterinflammatory interleukin (IL)-10 cytokines in Tg heart were significantly higher than that in Wt mouse heart, but the expression levels Real-time qRT-PCR was performed to measure the mRNA copies of CXCR3 chemokines and their receptor CXCR3 in the hearts (a), as well as the levels of CXCL10 mRNA at the indicated time points pi (b). CXCL10 protein in the serum was detected by ELISA (c). The copy numbers of mRNAs were normalized by a housekeeping gene hypoxanthine phosphoribosyltransferase 1 (HPRT1). Treated with IFN-␥ or CVB3, the levels of CXCL10 mRNA expression in primary mouse cardiomyocytes were evaluated by real-time and regular RT-PCR (d). HL-1 cells were treated with IFN-␥ or infected with CVB3. CXCL10 expression was detected by RT-PCR and Western blot (e). ␤-Actin mRNA was used as a loading control. Data are presented as meansϮSE (*PϽ0.05).
of the proinflammatory cytokines (TNF, IL-4, IL-5, IL-6, IL-12a) were similar ( Figure 3c ). Furthermore, the presence of leukocytes and upregulation of IFN-␥ and IL-10 in the myocardium did not result in myocyte injury or heart function impairment, as revealed by (1) Figure 3e ). These findings indicate that CXCL10 directs mainly T cells and NK cells to the myocardium, associated with minor defense immunity but it is insufficient to cause cardiomyocyte destruction.
Constitutive Cardiac CXCL10 Expression or Absence of CXCL10 Does Not Affect the Severity of Myocarditis
To determine whether overexpression or ablation of CXCL10 affects the severity of myocarditis in CVB3-infected mice, pathological scoring of H&E-stained heart tissues of Wt, Tg, and KO mice was conducted by an experienced cardiac pathologist. Taking both myocyte damage and immune inflammation into consideration, there appeared to be a similar pathological score of myocarditis for all four groups at day 7 pi. Furthermore, CXCL10 Tg, KO, and Wt mice did not show the difference in mortality at this time point (Figure 4a and 4b ).
CXCL10 Expression Inhibits CVB3 Replication, Protects Myocytes From Injury, and Attenuates Heart Function Deterioration From CVB3 Infection in the Early Phase
To further understand the role of CXCL10 in viral replication, immune infiltration, and viral clearance, we next analyzed the cell injury and immune influx separately. To assess the contribution of CXCL10 to antiviral defense, viral titers in the hearts were examined. To overcome the genetic effect of mouse on the virus clearance, we used mice with the same genetic background in each corresponding group as a control. At day 3 pi, viral titer in the mouse hearts inversely correlates with the levels of CXCL10 (Figure 4c and 4d ): viral titer was higher in CXCL10 KO and lower in CXCL10 Tg as compared with the Wt controls. However, at days 7 and 10 pi, viral clearance was not significantly different in infected CXCL10 Tg/KO mice compared to controls (Figure 4c and 4d). The plaque assay results were confirmed by real-time qRT-PCR to detect the levels of CVB3 RNA in the hearts (Figure 4e and 4f) .
Because the cTnI levels in the serum are a sensitive indicator of myocardial injury, 20 we used cTnI as a marker to detect myocyte damage during the active proliferative phase after CVB3 infection. We found that the serum cTnI levels were changed in a time-dependent manner in CVB3-induced murine myocarditis. The cTnI was increased at day 3, peaked at day 7 and normalized at day 10 pi (Figure 4g and 4h) . At days 3 and 7 pi, the levels observed in CXCL10 KO mice were significantly higher than those in Wt mice, whereas the levels in CXCL10 Tg were lower than those in Wt mice, indicating CXCL10 expression attenuates cell damage from virus infection. Because cTnIs start to rise within 3 to 4 hours after onset of myocardial necrosis and remain raised for 4 to 10 days because of a gradual degeneration of myofibrils with release of the troponin complex, 21 it is expected that the accumulated cTnI levels at day 7 pi reflect the myocardium damage at early time points.
To examine whether the alteration of myocyte injury and inflammation by CXCL10 subsequently affects cardiac function following CVB3 infection, we conducted echocardiography in the acute phase of infection. At 5 days pi, the Wt mice experienced a slightly change in EF and CO as compared to the baseline. However, the infected CXCL10 Tg mice exhibited an increased EF and CO, whereas the infected CXCL10 KO mice exhibited a significantly decreased EF and CO as compared to the Wt control mice (Figure 4i and 4j) . The echocardiographic measurements are shown in supplemental Table I .
CXCL10 Expression Recruits NK Cell Infiltration and Increases IFN-␥ Expression at Early Phase of Acute Infection
To determine the effects of CXCL10 on the profiles of immune cell infiltration, the mRNA levels of CD4, CD8, NCR, and cytokines were measured by qRT-PCR. As shown in Figure 5 , the levels of NK cells, CXCR3, and IFN-␥ in CXCL10 Tg and KO mice were correlated with that of CXCL10. Although the levels of CD4 and CD8 of Tg mice also rose, this increase was largely attributable to the constitutive CXCL10 overexpression because these elevations of CD4 and CD8 existed even before viral infection (Figure 3b ). In addition, among the mechanisms by which NK cells control viral infection is the secretion of antiviral cytokines such as IFN-␥. Therefore, these results indicate that the early inhibition of viral replication by CXCL10 might be through the increased NK infiltration and concerted IFN-␥ expression. 
CXCL10 Expression Enhances Immune Response at Inflammatory Stage of Acute infection
As the infiltration of leukocytes into the infected site is one of the most important pathological characteristics of viral myocarditis, we next examined whether CXCL10 can alter the migration of leukocytes and the associated immune responses in the acute phase of viral infection. As shown in Figure 6a through 6c, at day 7 pi, CXCL10 Tg mice accumulated more CD45 ϩ and CD3 ϩ cells in the myocardium and CXCL10 KO mice accumulated fewer than in Wt controls. Additional phenotypic analysis of the infiltrating leukocytes in the heart of CXCL10 Tg or KO mice revealed that these cells are predominantly CD4 ϩ and CD8 ϩ T cells (also see CBC data in supplemental Table II) , and the number of these cells correlated with the levels of CXCL10 in the hearts (Figure 6d and  6e) . These results were further solidified by real-time qRT-PCR (Figure 7a and 7c ). We next examined by qRT-PCR whether the altered leukocyte recruitment was associated with altered expression of a number of cytokines or chemokines. As shown in Figure 7b , the marked increase in leukocyte infiltration was accompanied by upregulation of gene expression of IFN-␥, IL-10, and IL-12a. In contrast to Wt mice, lower expression levels of these cytokines and additional lower CXCL11, TNF-␣, and IL-6 were seen in the CXCL10 KO mice (Figure 7d ). Despite altered influx of leukocytes into the heart at 7 days pi, viral clearance did not significantly change in CXCL10 Tg or KO mice (Figure 4c  and 4d ). These data indicate that CXCL10 expression is correlated with the recruitment of leukocytes into the myocardium of mice with viral myocarditis, but CXCL10-induced chemotaxis of leukocytes is not sufficient for host immune responses to clear the viruses.
Discussion
Local secretion of cytokines and chemokines by cardiomyocytes and infiltrated inflammatory cells over the course of CVB3 infection is important in determining the pathogenesis of viral myocarditis. Several cytokines and chemokines such as TNF-␣, IL-1␣, and MCP-1 are known to be produced in cardiomyocytes after CVB3 infection. 22, 23 However, whether cardiomyocytes are capable to express CXCL10 is unknown. Here we showed for the first time that CXCL10 can be induced by IFN-␥ but not by CVB3 in primary adult mouse cardiomyocytes. These results suggest that early expression of IFN-␥ stimulates cardiomyocytes and/or other resident cells in the myocardium, such as resident immune cells, endothelial cells, or fibroblasts, to produce CXCL10 to modulate the leukocytes infiltration to control the virus infection.
As known, CXCL10 induces chemotaxis of activated CD4 ϩ Th1 and CD8 ϩ T cells, NK cells and monocyte/mac-rophages, but not the neutrophils. Consistent with this, our data and others from recent studies revealed the spontaneous infiltrations of NK cells and CD4 ϩ and CD8 ϩ T cells during CXCL10 expression. 12, 24 This is further supported by the fact that the T cells infiltrations in CVB3-infected CXCL10 KO Figure 6 . Identification and quantification of infiltrating leukocytes. a, Immunostaining of CD45 and CD3 in mouse heart at day 7 pi. b and c, Quantification of CD45 ϩ and CD3 ϩ cells. The percentage areas stained with respective antibodies were determined from the mean of 10 images per heart section using Image Pro software. d and e, Quantification of total infiltrating mononuclear cells. On day 7 pi, hearts were collected and infiltrating mononuclear cells were isolated by Histopaque. The indicated positive cells were calculated from the total number of the isolated cells by multiplying the percentage of each population obtained by flow cytometry analysis. Data are presented as meansϮSE (*PϽ0.05). mice were decreased. However, with expression of CXCL10 in astrocytes, the immune infiltrates in the CNS were dominated by the neutrophils but not by the CD4 ϩ and CD8 ϩ T cells. 24 This discrepancy between studies implies that additional tissue-specific factors may affect the composition of infiltrates to a specific organ.
Previous studies of CXCL10 Tg mouse models reported that the leukocyte infiltration does not cause proinflammatory cytokine mRNAs upregulation. 12, 24 In our Tg mice, CXCL10 expression in cardiomyocytes induced a number of cytokine (IFN-␥, IL-10) and chemokine (CXCL9, CXCL11) upregulation, along with the T cell and NK cell infiltrations. However, their protein levels in the serum were not detectable by ELISA, suggesting the upregulation was limited. Furthermore, no cardiac damage, functional changes, or cardiomyopathy was observed in our CXCL10 Tg mice. Despite the presence of leukocyte infiltrations and increased IFN-␥ and IL-10 mRNAs, the CXCL10 cardiac-specific transgene is not sufficient to cause myocarditis, indicating additional mediators are required for induction of an immune-mediated disease.
CXCL10 participates in both innate and adaptive immunity by contributing to cell migration and activation. The important role of CXCL10 in the innate immune response has also been shown in studies of vaccinia virus and mouse hepatitis virus. It controls viral replication by recruiting and activating NK cells. 14, 25 In our study, the early peak of CXCL10 before inflammatory cell infiltration implies its important role in innate immunity of CVB3-induced myocarditis. The results showed that at day 3 pi, CXCL10 overexpression prevented the viral replication, whereas CXCL10 KO impaired the ability to efficiently control virus replication. The mechanism by which CXCL10 inhibits CVB3 replication early may be via premature killing the host of viruses as it is known that CXCL10 can induce cell apoptosis. 17 In addition, CXCL10 levels were associated with NK cell infiltration and IFN-␥ expression in the myocardium. Following CVB3 infection, NK cells infiltrate the heart first and are the major early-stage producers of IFN-␥. 26 One mechanism by which NK cells defense against viral infection is through the secretion of antiviral cytokines such as IFN-␥. 27 Indeed, NK cells and IFN-␥ have previously been shown to play important roles in limiting CVB3 replication in the heart. 28, 29 However, the factor mediating this function is unknown. Here, we found for the first time that CXCL10 is such a mediator. The early CXCL10 expression following CVB3 infection may inhibit viral replication in the heart through recruitment of NK cells and associated production of cytokines such as IFN-␥. The upregulation of IFN-␥ produces a positive feedback loop on CXCL10 expression. In addition to the effect on NK cell trafficking, CXCL10 could exert a direct antiviral effect. As reported recently, CXCL10 efficiently prevented Dengue virus from binding to the virus to the cell surface, thereby blocking its entry and replication. 11 In this way, CXCL10 may limit the spread of infection and contribute to host defense early during infection. However, whether CXCL10 has a direct antiviral role in CVB3 infection needs further investigation.
Recent reports have demonstrated a critical role in adaptive immunity for CXCL10 in directing effector T-cell migration toward the site of infection, which then facilitates viral clearance. 10, 30, 31 During the inflammatory stage of acute CVB3 infection (day 7 pi), it was also expected that overexpression or deficiency of CXCL10 should augment or impair the ability of target cells to attract T cells expressing CXCR3 to the heart and in turn affect the clearance of viruses. However, neither overexpression nor deficiency of CXCL10 significantly altered the viral clearance or mouse survival rate despite altered T-cell recruitment and expression levels of associated cytokines. Furthermore, no difference in the severity of myocarditis was observed between CXCL10 Tg or KO mice versus the controls by the histological evaluation. These results imply that CXCL10 is not an essential inflammatory-stage mediator compared to other chemokines, such as macrophage inhibitory protein (MIP)-1␣. For example, mice KO MIP-1␣ are resistant to CVB3-induced myocarditis. 32 Anti-MIP-2 antibody treatment decreased cellular infiltrations and myocardial necrosis and increased survival rate than the control group. 33 Notably, both MIP-1␣ and MIP-2 peaked around day 7 to 10 pi when the maximal inflammatory changes occurred, unlike CXCL10. The distinctive expression patterns of these chemokines imply their different roles in the course of CVB3 infection.
At day 7 pi, there was no difference in the severity of myocarditis by pathological scoring. Interestingly, further quantitative analyses of cell damage and immune infiltration showed that Tg mice had less accumulated cell damage but more immune infiltration, whereas KO mice had opposite results as compared to the control mice. This may lead to the similar pathological grades among groups when both parameters were considered. Furthermore, the early transient antiviral effect of CXCL10 in the hearts could not rescue the mice from death. This may be attributable to, firstly, the high dose of virus (1ϫ10 5 pfu) in infection. However, this is a dose widely used in studies of pathogenesis of CVB3 and many other virus infections of mice. In another experiment, when we infected mice with 10 3 pfu, we observed differential effect of CXCL10 on survival rates of KO and Wt mice ( Figure I in the online data supplement). Secondly, mice infected by CVB3 were possibly died of multiple organ dysfunctions. 2 Here, as we focused on viral myocarditis we did not inves-tigate the role of CXCL10 in other organ diseases following virus infection. It is unknown whether CXCL10 affects the viral replication and inflammation in other susceptible organs, such as liver and pancreas.
Collectively, following CVB3 infection, early rise of IFN-␥ stimulates CXCL10 expression in cardiomyocytes and other resident myocardial cells. CXCL10 expression inhibits CVB3 replication at early stage and in turn protects cardiomyocytes from damage and improves heart function. This antiviral activity of CXCL10 is acquired through regulation of NK cell infiltration and associated INF-␥ expression, suggesting a critical role for CXCL10 during the early course of CVB3 infection. However, the transient antiviral effect is insufficient for viral clearance and rescuing the mice from death during acute inflammation stages. The other chemokines or cytokines, such as MIP-1␣ and TNF-␣, may also play an important role in the clearance of viruses. In other words, host immune responses against external invasion need the orchestrated action of multiple antiviral mediators to effectively protect host itself. Thus, early intervention of CVB3 by CXCL10 combined with other chemokines and/or cytokines during inflammation may provide a new therapeutic strategy toward viral-induced myocarditis.
